The results of nonlinear, convective models of RR Lyrae pulsators with metal content Z=0.0001 to 0.006 are discussed and several predicted relations connecting pulsational (period and amplitude of pulsation) and evolutionary parameters (mass, absolute magnitude and color of the pulsator) are derived. These relations, when linked with the average mass of RR Lyrae stars, as suggested by horizontal branch evolutionary models, provide a "pulsational" route to the determination of the distance modulus, both apparent and intrinsic, of RR Lyrae rich globular clusters. Based on a preliminary set of synthetic horizontal branch simulations, we compare the predicted relations with observed variables in selected globular clusters (M2, M3, M5, M15, M55, M68, NGC 1851, NGC 3201, NGC 5466, NGC 6362, NGC 6934 and IC 4499). We show that the distance moduli inferred by the various theoretical relations are mutually consistent within the errors, provided that the value of the mixing-length parameter slightly increases from the blue to the red edge of the pulsation region. Moreover, we show that the relative "pulsational" distance moduli fit well previous empirical results and that the parallax of the prototype variable RR Lyr, as inferred by the predicted Period-Wasenheit relation, is in close agreement with the HST astrometric measurement.
INTRODUCTION

Introduction
RR Lyrae stars represent the most common type of Population II radially pulsating stars, with approximately 3000 variables in Galactic globular clusters (see Clement et al. 2001) and increasing samples being discovered in all Local Group galaxies. If members of globular clusters (GCs), they show low (Z ∼ 0.0001) to intermediate metal content (Z ≤ 0.006), but up to solar abundances are measured for field variables. They represent fundamental tracers of ancient stellar populations and, via the calibration of their absolute visual magnitude M V (RR) in terms of the measured iron-to-hydrogen content [Fe/H] , they are commonly used as standard candles for distance determinations in the Local Group, with relevant implications for the cosmic distance scale and the age of globular clusters (see e.g. Carretta et al. 2000 , Cacciari 2003 . For these reasons, several observational and theoretical efforts have been made in the last years to provide accurate evaluations of the M V (RR) versus [Fe/H] relation, which is commonly approximated in the linear form M V (RR)=α+β [Fe/H] .
Although the discussion of the M V (RR)- [Fe/H] relation is out of the purpose of the present paper, it is worth mentioning that, from the side of empirical studies, recent evaluations of the zero-point α are spanning an interval of about 0.3 mag, while the value of the slope β ranges from ∼ 0.13 to ∼ 0.30 mag/dex. As an example, according to the very recent review by Cacciari (2003) , the value of M V (RR) at [Fe/H]=−1.5 varies from 0.56±0.15 mag ("revised" Baade-Wesselink method) and 0.62±0.10 mag (direct astrometry to GCs) to 0.68±0.08 mag ("classical" Baade-Wesselink method) and 0.77±0.13 mag (statistical parallaxes). Concerning the theoretical approach, we have already discussed (Marconi et al. 2003, hereafter Paper II) that the predicted M V (RR)-[Fe/H] relation inferred by Horizontal Branch (HB) evolutionary models depends on several factors (e.g., the color distribution of HB stars, the adopted ratio between α-and heavy elements, the adopted bolometric correction) and it should be handled with care, also in consideration of the fact that HB models yield "static" magnitudes (i.e. the values the star would have were it not pulsating), whereas observed magnitudes are "mean" quantities averaged over the pulsation cycle, which not necessarily are exactly alike static values.
In summary, in spite of a huge amount of work, we are presently facing a quite intriguing scenario: on the evolutionary side, even for a fixed dependence of the luminosity L(RR) on Z, the predicted M V (RR)-[Fe/H] relation turns out to depend on several assumptions (bolometric correction, [α/Fe] ratio, evolutionary status of the variables), while on the observational side no firm evaluation has been reached yet. Note that even the recent HST determination of a quite accurate trigonometric parallax (π trig =3.82±0.20 mas) for the prototype variable RR Lyr ([Fe/H]=−1.39) yields M V =0.607±0.114 mag±0.034 mag, where the last two figures illustrate, respectively, the intrinsic uncertainty of the HST measurement and the effect of an interstellar extinction A(V )=0.087±0.034 mag (see Benedict et al. 2002 , Bono et al. 2003 .
In this context, the study of quantities such as the pulsation period and amplitude is of fundamental importance since they depend on the star structural parameters (mass, luminosity and effective temperature) and are distance and reddening free observable quantities, as well. In order to perform a thorough analysis of observed RR Lyrae stars (see , Paper I, for the observational scenario of these variables in Galactic globular clusters), we planned to construct a theoretical framework based on both pulsation and evolution models computed at various metal content and using the same input physics. The general procedure has been discussed in detail in Paper II, where the results at Z=0.001, the typical metal content of Oosterhoff type I clusters, are compared with RR Lyrae stars in M3. In the present paper, we discuss nonlinear convective pulsation models for Z=0.0001, 0.0004 and 0.006, while an extensive atlas of synthetic HB computations will be given in a future paper (Cassisi, Castellani, Caputo & Castellani 2004, Paper IV, in preparation) .
Following the organization of Paper II, we present in Section 2 the pulsation models and the relevant relations among the various parameters, while a first comparison with observed variables in RR Lyrae rich globular clusters is given in Section 3. Some brief remarks close the paper.
The theoretical pulsational scenario
Periods, magnitudes and colors
The existing grid of nonlinear and convective models, as computed with a mixing length parameter l/H p =1.5 (see Bono et al. 2001, 2003 and Paper II) , has been extended to new fundamental (F) and first-overtone (FO) computations with Z=0.0001, adopting mass M=0.80M ⊙ and logL/L ⊙ =1.72, 1.81, 1.91 (Di Criscienzo 2002) and M=0.65M ⊙ and logL/L ⊙ =1.61 (present paper) . As a result, we are dealing with the set of pulsation models listed in Table 1 . The bolometric light curves of all these models have been transformed into the observational plane by adopting the bolometric corrections and temperature-color transformations provided by Castelli, Gratton & Kurucz (1997a,b, hereafter CGKa,b) . In this way, light curve amplitudes and mean absolute magnitudes, either intensity-weighted M i or magnitude-weighted (M i ), are derived in the various photometric bands.
As a first step we investigated the dependence, if any, of the pulsation period relation P = f (M, L, T e ) on the metal content. After confirming that the period of FO pulsators can be fundamentalised adopting logP F =logP F O +0.130±0.004, we derive (see Fig. 1 ) that all over the explored range of mass, luminosity and metal content, the pulsation equation can be approximated as log P F = 11.038(±0.003) + 0.833(±0.003) log L/L ⊙ − 0.651(±0.007) log M/M ⊙ −3.350(±0.009) log T e + 0.008(±0.001) log Z,
in close agreement with earlier results presented by Caputo, Santolamazza & Marconi (1998) .
As for the limits of the whole instability strip, namely the effective temperature of the first-overtone blue edge (FOBE) and of the fundamental red edge (FRE), we find no significative metallicity effect on the FOBE relation at Z=0.001, as given in Paper II, whereas the FRE tends to be slightly redder, for fixed mass and luminosity, when increasing the metal content. However, as already discussed in Paper II, one should also consider that varying the value of the mixing length parameter l/H p will modify the edges of the pulsation region, shrinking the width of the whole instability strip if increasing the efficiency of convection in the star external layers. In order to study this effect, all the models listed in Table 1 , but the case Z=0.0004, have been recomputed by adopting l/H p =2.0. The results confirm that the FOBE effective temperature decreases by ∼ 100 K, whereas the FRE one increases by ∼ 300 K. Moreover, we notice that for the same l/H p variation the fundamental blue edge changes by 100 K at most, while the first overtone red edge gets hotter by about 200 K.
On this ground, the FOBE and FRE relations at l/H p =1.5 given in Paper II can be retained over the whole range Z=0.0001-0.006, with a total uncertainty of ± 0.005 and 0.010, respectively, while the effects of a variation of l/H p from 1.5 to 2.0 on the edges of the instability strip can be quantified as ∆logT F OBE e = −0.008±0.003 and ∆logT F RE e =0.021±0.005. However, it is of interest to note that with Z=0.006 and logL/L ⊙ ≥ 1.65 the FO instability strip disappears when l/H p =2.0 is adopted. Such a result, together with the observational evidence of c-type RR Lyrae stars with such a metal content, seems to suggest that l/H p =2.0 is a too high value for metal-rich pulsational models.
Concerning the location in the M V -logP diagram of the instability strip theoretical edges, taking also into account the above mentioned effects of the mixing-length parameter, a linear regression to the models yields
and
with a standard deviation of 0.05 and 0.06 mag, respectively.
Before proceeding, let us first recall that, when dealing with pulsating structures, the static magnitudes differ from the measured magnitudes, which are mean quantities (intensity-weighted or magnitude-weighted) averaged over the pulsation cycle. This issue has been discussed in detail in Paper II, and here we wish only to mention that the results at Z=0.001 hold all over the range Z=0.0001-0.006. In particular, we find that the discrepancy between static and mean values is a function of the pulsation amplitude, decreasing from asymmetric to symmetric light curves as well as when passing from optical (BV I) to near-infrared (K) bands, and that intensity averaged quantities are better representative of static magnitudes and colors. As a whole, each mean magnitude can be corrected for the amplitude effect to get the corresponding static value, or, alternatively, static magnitudes can be directly estimated when the two types of mean values are measured. However, since in the present paper we aim at providing a handy tool for the analysis of observed data, all the following relations will be given for intensity-averaged magnitudes 4 .
The obvious outcome of the period relation [see equation (1)] into the observational plane is the Period-Magnitude-Color (P MC) relation, where the pulsation period for each given mass is correlated with the pulsator absolute magnitude and color. When using linear pulsating models, this could be made by simply transforming luminosity and effective temperature into absolute magnitude and color, but the result is a static P MC relation which cannot be directly compared to observed variables. On the contrary, our non linear approach supplies mean magnitudes and colors. Based on intensity-averaged magnitudes, the linear interpolation through the results (adopting fundamentalised periods for FO models) gives for each adopted metal content Z
where the coefficients a(Z) and b(Z) are listed in Table 2 .
As discussed in Paper II, for fixed mass and metal content, the P MC relation defines accurately the properties of individual pulsators within the instability strip, but its use to get distances needs accurate reddening evaluations. However, it is of interest to mention that the magnitude dispersion due to the finite width of the instability strip is rather close to the effect of interstellar extinction. Based on such an evidence, the Wesenheit functions (see Dickens & Saunders 1965 ) W BV =V − 3.1(B − V ), W V I=V − 2.54(V − I), etc., which have been widely used in Cepheid studies (see Madore 1982 and Madore & Freedman 1991) , can be adopted also for RR Lyrae stars (see Kovacs & Jurcsik 1997 , Kovacs & Walker 2001 to provide a reddening-free P W relation, where also the dispersion of magnitude at a given period is significantly reduced. Before proceeding, let us remark the deep difference between the P MC and P W relations: the former one is defined by the intrinsic properties of the variables and cancels the effects of the finite width of the instability strip, while the latter depends on the properties of the interstellar medium and removes any reddening effect, differential or total. Therefore, in the case of variables at the same distance and with the same mass and metal content, the scatter in observed P MC relations, excluding photometric errors, should mainly depend on reddening, whereas the scatter in observed P W relations is a residual effect of the finite width of the strip.
Using W BV quantities based on intensity-averaged magnitudes, a linear interpolation through F and fundamentalised FO models yields the Period-Wesenheit P W BV relation
where log P W F = log P F + 0.54 log M/M ⊙ + 0.03 log Z As shown in Fig. 2 , the correlation is quite tight, providing a useful way to get the intrinsic distance modulus of variables with known mass and metal content with a formal accuracy of 0.06 mag (dashed lines).
As for the W V I function, the linear interpolation through F and fundamentalised FO models yields
It is of interest to note that RR Lyrae stars observed in the Large Magellanic Cloud yield δ W V I /δ logP F ∼ −2.75 (Soszynski et al. 2003) which is the predicted slope at constant mass. Moreover, variables observed in Galactic globular clusters suggest δ(W BV )/δlogP F ∼ −2.47 and δ(W V I)/δlogP F ∼ −2.51 (see Kovacs & Walker 2001) , where (W BV ) and (W V I) are magnitude-averaged quantities. Also these results appear in reasonable agreement with the predicted slopes we get at roughly constant mass and metal content, namely δ(W BV )/δlogP F = −2.66(±0.03) and δ(W V I)/δlogP F = −2.64(±0.02).
In matter of distance determinations, let us finally consider the predicted near-infrared Period-Magnitude (P M K ) relation, which is well known to be a powerful tool to get distances given the quite low dependence of the K-magnitude on interstellar extinction. Adopting again intensity-averaged magnitudes (but in the K-band the difference between intensity-averaged, magnitude-averaged and static values is quite small due to the reduced pulsation amplitudes), we show in Fig. 3 that linear regression through F and fundamentalised FO pulsators provides:
with a standard deviation of ± 0.04 mag (dashed lines).
Pulsation amplitudes
Figures 4 and 5 show bolometric light curves with l/H p =1.5 (solid line) and l/H p =2.0 (dashed line) for a number of F and FO models with M = 0.80M ⊙ at varying luminosity and effective temperature. In agreement with the results presented in previous papers (Bono & Stellingwerf 1994 , Bono et al. 1997a , the morphological features of the predicted light curves appear a function of luminosity and effective temperature, thus providing a useful tool to constrain such fundamental intrinsic parameters. In particular, Bono & Stellingwerf (1994) have already discussed that moving toward lower luminosity levels, for a fixed mass, the morphology of the light curve of FO models becomes very similar to that of fundamental pulsators, changing from almost sinusoidal to sawtooth and with a significant increase of the bolometric amplitude. In this context, the use of the Fourier parameters of observed light curves (see, e.g., Kovacs & Walker 2001 and references therein) appears as a promising way to approach the determination of the intrinsic parameters, even though the obvious ultimate goal to take into account all the observed features (e.g., bump, double-peak) is the best fit of the whole light curve, as recently presented by Bono, Castellani & Marconi (2000 , 2002 , Castellani, Degl'Innocenti & Marconi (2002) , Di Criscienzo, .
Here, as a broad outline of the pulsational behavior, let us consider the quite linear correlation between fundamental bolometric amplitudes and periods (logarithmic scale), for fixed mass and luminosity. However, let us remind that the pulsation amplitudes, while sharing with the periods the property of being sound measurements independent of reddening and distance uncertainties, do significantly depend on the adopted efficiency of the convective transfer. As an example, we list in Table 3 the computed periods, colors and visual amplitudes for fundamental pulsators with Z=0.001, 0.75M ⊙ , logL/L ⊙ =1.61 and l/H p =1.5 and 2.0. One has that both the period and the color are almost independent of the adopted value for the mixing-length parameter, whereas the amplitude decreases with increasing the efficiency of convection, for fixed effective temperature. Moreover, given the already mentioned effects of the same l/H p variation on the fundamental red edge (where the amplitude reaches its minimum value) and blue edge (where the amplitude reaches its maximum value), the A V −logT e slope becomes steeper with increasing the l/H p value.
As a whole, after transforming all the bolometric light curves into the observational plane, we show in Fig. 6 that all over the explored metallicity range the Period-MagnitudeAmplitude (P MA V ) fundamental relation can be approximated as log P *
at l/H p =1.5, and log P *
at l/H p =2.0, with a standard deviation (dashed lines) of 0.04 and 0.03 mag, respectively.
Closing this section devoted to pulsation amplitudes, we notice that increasing the l/H p value yields smaller amplitudes for fixed BV color (see data in Table 3 ). This is shown in Fig. 7 , where the visual amplitude A V is plotted as a function of the intensity-weighted M B − M V color for F pulsators with l/H p =1.5 (upper panel) and l/H p =2.0 (lower panel). At variance with the results derived with static colors, here one derives that the amplitude-color correlation is not strictly linear as a consequence of the fact that at larger amplitudes the intensity-averaged color becomes bluer than the static one (see Paper II). As a whole, in the explored range of mass and luminosity, all the results with l/H p =1.5 and Z ≤ 0.001 suggest the following Color-Amplitude (CA) relation
with a standard deviation of 0.04 mag, while at Z=0.006 we get
with a standard deviation of 0.02 mag. As for the case l/H p =2.0, the regression through all the models yields
with a standard deviation of 0.03 mag.
Comparison with observed RR Lyrae stars
As discussed in Paper II, synthetic horizontal branch (SHB) simulations based on HB evolutionary tracks and pulsational constraints provide reliable information on the HB morphology (as given by the ratio (B-R)/(B+V+R), where B, V and R represent the numbers of blue, variable and red HB stars), as well as on the "evolutionary" FOBE and FRE of the synthetic pulsator distribution, for each given metal content and average mass of HB stars. It follows that, known the metal content and HB morphology, one can evaluate the average mass of RR Lyrae stars to be inserted into the mass-dependent relations presented in the previous section. As an example, we show in Fig. 8 the correlation between the HB morphology and the average mass M(RR) (solar units) of RR Lyrae stars, as derived from synthetic simulations based on HB models with Z=0.0001, 0.0003, 0.0006, 0.001, 0.003 and 0.006 (Paper IV, in preparation). In this figure, the large dots depict three selected clusters (M15, M3 and NGC 6362) which are plotted according to their observed HB type and measured [Fe/H] value (see Table 4 In view of the somehow different HB models published in the recent literature, the present paper was mainly intended to illustrate the results of pulsation models, leaving the mass as a free parameter and reserving to Paper IV the connection to stellar evolution theory and the construction of synthetic relations based also on the evolutionary times. Nevertheless, in order to check the internal consistency of the pulsational framework, as well as its appropriateness at the various metal contents, let us rely on the results plotted in Fig. 8 to compare the predictions presented in the previous section with observed data of RR Lyrae rich globular clusters with available B, V, A V measurements. The selected clusters are listed in Table 4 , together with their [Fe/H] value (Kraft & Ivans 2003) , HB type, apparent distance modulus µ V and E(B − V ) reddening (from Harris 1996), and the source of RR Lyrae data. The last two columns in Table 4 give the overall metal content Z for a solar-scaled chemical composition (i.e., logZ=[Fe/H]−1.70) and the average mass of the RR Lyrae stars, as inferred from the results plotted in Fig. 8 .
A general overview of data is shown in Fig. 9 , where the variables are plotted in the color-magnitude diagram according to intensity-averaged magnitudes, scaled to an arbitrary value V r , and intrinsic colors, as derived using E(B − V ) values in Table 4 . Filled and open dots are RR ab and RR c stars, as given by the authors, and some outliers with respect to the average distribution are marked.
Starting with the P W relation, which is independent of the adopted mixing-length parameter, we show in Fig. 10 the comparison between observed W BV quantities (symbols as in Fig. 9 ) and the predicted relation [see equation (4a)]. For each cluster, logP W F is evaluated according to the mass and metal content listed in Table 4 , while the solid lines drawn in the panels depict the predicted behavior at constant mass and metallicity, as reasonably adopted for RR Lyrae stars in a given globular cluster. In this reddening-free diagram, only the NGC 6934 variables exhibit a considerable scatter, suggesting that observational errors are possibly occurring in the data. For the remaining clusters, with the exception of very few outliers, the observed data fit quite well the predicted slope, allowing us to derive the intrinsic distance moduli labelled in the various panels of the figure and listed in column (2) of Table 5 . It is quite interesting to note that these theoretical distance moduli appear in agreement with previous empirical determinations. This is shown in Fig.  11 , where the relative values with respect to IC 4499, taken as reference cluster, are plotted versus the evaluations given by Kovacs & Walker (2001) .
Before proceeding with further comparison between theory and observation, one has to notice that all other predictions depend on the adopted mixing-length parameter. One may attempt to have a look on such an issue making use of the predicted Color-Amplitude fundamental relation, which is independent of the pulsator mass, and of the reddening values given in Table 4 . Figure 12 shows the visual amplitude of RR ab stars in our sample versus the intrinsic color [ B − V ] 0 , in comparison with the theoretical relations at l/H p =1.5 (equation (8a): solid line) and 2.0 (equation (9): dashed line). Disregarding M5 and M55, for the scarcity of data, and NGC 6934, for the well known significantly inhomogeneous reddening, one finds that all the remaining clusters seem to exclude l/H p =1.5, except NGC 3201 and NGC 5466. On this basis, even if tempted to take l/H p =2.0 as the preferred choice, we keep both the alternative values and we use equations (8a) and (9) to derive the E(B − V ) values listed in columns (3) and (4) of Table 5 .
Adopting again the mass values in Table 4 , we use now the predicted P MA relation [see equations (6) and (7)] for fundamental pulsators to estimate the apparent distance modulus. Figure 13 shows the RR ab variables plotted in the A V -logP * F plane, in comparison with the predicted behavior at constant mass and l/H p =1.5 (solid line). The derived apparent distance moduli are labelled in the various panels and listed in column (5) in Table  5 , while the following column in the same table gives the results of a similar comparison, but with l/H p =2.0.
Finally, we show in Fig. 14 the comparison between the observed distribution of RR Lyrae stars in the V -logP plane and the predicted edges of the instability strip, as estimated inserting the mass values in Table 4 into equations (2) and (3). We start fitting the predicted FOBE at l/H p =1.5 (solid line at the left) to the observed distribution of c-type variables under the condition that no c-type variables are left in the hot stable region. As shown in Fig. 14 , the apparent distance modulus derived in such a way (the values are labelled in the panels and listed in column (2) of Table 6 ) yields a quite good agreement between the ab-type distribution and the predicted FRE (solid line at the right), except for M68, M15, NGC 5466, M55 and NGC3201. For these clusters, the observed period distribution of ab-type variables would suggest a red edge as depicted by the dashed line. In other words, under the assumption that the whole instability strip is populated, for these clusters the right value of the distance modulus to fit the observed distribution of ab-type variables is smaller by ∼ 0.15 mag than the value derived from the FOBE-procedure (see column (3) in Table 6 ).
Let us now repeat the comparison, but with l/H p =2.0. Since the predicted FOBE becomes fainter by ∼ 0.05 mag, the right distance modulus to fit the observed distribution of c-type variables decreases by the same quantity. However, at the same time the predicted FRE becomes brighter by ∼ 0.14 mag and, as shown in Fig. 15 , for some clusters several ab-type variables would have longer periods than the predicted FRE. Specifically, for IC 4499, NGC 6934, M2, M3, M5, NGC1851 and NGC6362 the comparison of the predicted FRE to the observed red edge (dashed line) would yield now a distance modulus which is larger by ∼ 0.10 mag than the one derived from the FOBE-procedure.
We summarize in Table 6 the distance moduli inferred from the M V -logP distribution. One can conclude that the assumption l/H p =1.5 yields rather discordant results for M68, M15, NGC 5466, M55, and NGC3201, where a quite close agreement is present with l/H p =2.0. On the other hand, the assumption l/H p =2.0 yields rather discordant results for the remaining clusters (IC 4499, NGC 6934, M2, M3, M5, NGC1851 and NGC6362), for which a better agreement is reached with l/H p =1.5. In summary, present results would suggest that the assumption of a constant mixing-length parameter should be revisited.
However, recent evolutionary studies seem to exclude any trend of the l/H p ratio with the metal content (see Palmieri et al. 2002 , Lastennet et al. 2003 . Conversely, specific tests aiming at fitting the light curves of observed pulsators (both RR Lyrae stars and Classic Cepheids) with modeled curves have shown that first overtone (hotter pulsators) light curves are well reproduced with l/H p =1.5, whereas in the case of fundamental variables (cooler pulsators) a value l/H p ≥ 1.8 is needed in order to properly reproduce both the amplitude and the morphology of observed curves (see Bono, Castellani & Marconi 2000 , 2002 Castellani, Degl'Innocenti & Marconi 2002; .
According to such a suggestion of a mixing-length parameter increasing from the FOBE to the FRE (see also Paper II), we eventually list in column (6) of Table 6 the apparent distance modulus of each cluster, as given by the weighted mean over the values listed in column (6) of Table 5 and in column (2) and column (5) of Table 6 . As shown in Fig.  16 , the comparison between our relative distance moduli and those obtained by Kovacs & Walker (2001) on the basis of empirical relations based on Fourier parameters of the light curves discloses again a quite good agreement. As for the absolute values, let us remark that the distance moduli reported in Table 6 hold adopting the SHB simulations depicted in Table 5 and  Table 6 should be decreased by ∆µ V (FOBE/FRE)∼ −0.06 mag, ∆µ V (P MA) ∼ −0.03 mag and ∆µ 0 (P W ) ∼ −0.01 mag.
Conclusions
It is widely recognized that the main tool for interpreting the observed properties of HB stars is based on the constraints predicted by synthetic horizontal branches. Such synthetic simulations require updated evolutionary models and, in order to extend the analysis to RR Lyrae variables, trustworthy pulsating models computed with the same updated input physics (e.g. opacity tables) and assumptions on free parameters (e.g. l/H p ).
In Paper II we have shown that such an approach yields a pulsational route to accurate distance determinations for the globular cluster M3. The main purpose of the present paper is to complete the pulsational study, providing theoretical relations for the analysis of RR Lyrae stars with metal content Z=0.0001 to 0.006.
The comparison with variables in selected globular clusters shows that the slope of the predicted relations is in reasonable agreement with the observed distributions, allowing us to proceed in determining the true distance modulus, as well as reddening and apparent distance moduli under two assumptions for the mixing-length parameter. Adopting recent suggestions that the value of such a parameter may increase from the blue to the red edge of the pulsation region, we obtain a close agreement among the distance moduli inferred by the various approaches, supporting the self-consistency of the pulsational scenario. Moreover, we show that the relative distance moduli derived in this paper, both apparent and intrinsic, match well those inferred by empirical relations (see Kovacs & Walker 2001) .
As for the absolute values, we emphasize that they depend on the adopted evolutionary mass of the variables which, in turn, mainly depends on the adopted ratio between α and heavy elements, decreasing when passing from solar-scaled to α-enriched mixtures, for fixed [Fe/H] . On this issue, it is worth mentioning that empirical results suggest [α/Fe]∼ 0.3 (Carney 1996 , Lee & Carney 2002 ) and that such a value is consistent with the global features of color-magnitude diagrams (Caputo & Cassisi 2002) . Finally, let us remind that different bolometric corrections are still used by the various researchers (see Paper II) and that the current discrepancy of ∼ 0.05-0.06 mag requires some firm solutions.
However, it is of interest to note that a previous comparison (see Bono et al. 2003) between pulsational prescriptions and observed V and K magnitudes of the prototype variable RR Lyr yields a "pulsational" parallax quite close with the HST direct measurement. Using here magnitude-averaged (B) and (V ) data, as listed in Bono et al. (2003) , we get that the observed magnitude-averaged Wasenheit function of RR Lyr is (W BV )=6.634 mag. In order to transform this figure into the intensity-weighted value, we use the predicted correlation plotted in Fig. 17 , where ∆W BV = W BV − (W BV ) and A V is the visual amplitude. With A V (RR Lyr)=0.89 mag, one derives W BV =6.68±0.02 mag, where the error is due to the intrinsic spread in (4a) gives the absolute value W (BV ) =−0.47±0.05 mag, which means an intrinsic distance modulus µ 0 =7.15±0.06 mag and a "pulsational" parallax π puls =3.72±0.10 mas, which is consistent with the HST geometric measurement π trig =3.82±0.20 mas.
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